Introduction
Chiral N-sulfonyl-oxaziridines have been intro duced in organic chemistry as mild oxidation rea gents, leading to high enantioselectivities, for alkenes, enolates, and sulfides [1 -5] . Further applica tions, e.g. for enantioselective oxidations of phos phites, are expected [6] . For the oxidation of sulfides to chiral sulfoxides, the (3-oxo-camphorsulfonyl)-oxaziridine 3 [5] gives the highest enantiom eric ex cess, and is therefore of considerable interest. G en erally, these oxaziridines are prepared from the cor responding N-sulfonyl-imines by oxidation with peracids. In the case of the oxaziridine 2, 3-chloroperbenzoic acid (M CPA) gives the best results, while oxidations with peracetic acid are less reproducible. Recently, warnings with respect to potential safety hazards of M CPA have led to suggestions of safer substitutes. In particular, the magnesium salt of m onoperoxyphthalic acid (M PPA ), a bleaching agent produced on an industrial scale, is a prom inent candidate for this purpose. In a first publication, oxi dation of sulfides to sulfoxides and of amines to N-oxides, epoxidation of alkenes, and Baeyer-Villiger oxidation of ketones have been shown to pro ceed with excellent results [7] , We therefore tried to replace M CPA in the oxidation of the sulfonylimine 1 by M PPA. To our surprise, no trace of the oxaziridine 3 was observed, and even no trace of the Baeyer-Villiger product 6, which is a normal by product of the M CPA oxidation of 1. Instead, a high yield of a new compound 7 was obtained by excess M PPA, which we identified by spectroscopic data and an X-ray structure analysis as (4aS,9aR)-10,10-dim ethyl-6,7-dihydro-4H-4a,7-m ethano-oxazirino[3,2-j]oxepino [3,4-c] isothiazol-9-(5 H)-one-3,3-dioxide, more conveniently named as camphorlactone-sulfonyloxaziridine. Its formation and the different pathways for the oxidations of 1 by M CPA and MPPA are shown in Scheme 1.
Results and Discussion
Molecular structure o f cam phorlactone-sulfonyloxaziridine (7)
The structure of the new oxaziridine 7 was un equivocally established by X-ray crystallography (Tables I, II) .
In accord with the chirality of 7, the compound crystallizes in the non-centrosymmetric space group P 2 12121. The asymmetric unit contains two indepen dent molecules which show no significant discrepan cies. Both molecules have the same expected abso lute configuration which was checked independently by refinement of the enantiom eric species (see Ex perim ental part). In the crystal, there are no close contacts between the individual molecules.
As evident from Fig. 1 , the oxidation with MPPA leads to an insertion of an oxygen atom ( 0 5 ) be tween the carbonyl C atom C l and the bridgehead carbon C6. The second step of the oxidation, result ing in the formation of the oxaziridine ring, proceeds with complete stereoselectivity and places the oxy gen atom 0 3 in an endo position with respect to the bicyclic lactone-imine skeleton. This is certainly due to the methyl group C 9 at the bridging C atom C7 which effectively shields the five-membered ring S, N, C 2, C3, CIO at the opposite side (Fig. 2) . The same stereoselectivity has been observed in the case of other camphorsulfonyl-oxaziridines [2, 5] , obvi- ously for the same reasons. This shielding should also contribute to the high enantioselectivities in the oxi dation reactions of the camphor-type oxaziridines. Compared with the X-ray structure of another cam phor-derived oxaziridine [3] , 7 is a more spherical molecule with a much stronger shielded oxaziridine unit (Fig. 2) , and thus, better enantioselectivities can be expected. 
Conform ation o f 7 in solution
As the new oxaziridine 7 is of potential interest as chiral oxidizing agent, considerable interest in the sol ution structure exists. Although no dram atic devia tions from the solid state structure should be ex pected, we have conducted an analysis of nuclear Overhauser enhancem ent effects using the two-di mensional technique in a rotating frame (RO ESY ) [8] [9] [10] [11] . The assignment of the 'H NM R signals is based mainly on two-dimensional CH-correlation [12] . The strongest N O E effects are found between the two methyl groups of the bridge, and between the geminal protons of the CH 2-S 0 2 unit. W eaker ef fects are evident between the bridgehead proton and the CH 2-CH 2 group region. Because of extreme overlap of the signals, no conclusive assignment could be made in this complex multiplet structure. However, the N O E effects allow to assign the dublet at 3.50 ppm to the proton at CIO which is directed upward (exo), because it shows a correlation with the methyl groups, while no such correlation can be found with the dublet at 3.34 ppm. Thus, it seems certain that the general structure of 7, as determ ined by X-ray crystallography, is maintained in solution, as well as its conformational rigidity.
If the excess of M PPA in the oxidation of the imine 1 is not sufficient, a byproduct is observed, which we identified as the Baeyer-Villiger product 5. Obvious ly, it is an interm ediate in the form ation of the ox aziridine 7. The NM R data of the new compounds 5 and 7 are listed in the Tables III and IV, Thus, we may conclude that the solution structure is very similar to the solid state structure, and the conform ation adopted by the oxaziridine ring, which is com pletely shielded from attack from the upper side, can be considered to be favorable for enantioselective oxidations.
Pathways fo r the oxidation o f 1
The different results in the oxidation of (3-oxocamphorsulfonyl)imine (1) by MCPA and M PPA are mainly due to steric effects, which play a prom inent role in the chemistry of the oxidations of bicyclic systems [13] . Already in the first publication on the peracid oxidation of ketones [14] , Baeyer and Villiger observed that cam phor is converted to the lac tone with oxygen insertion between carbonyl and the C H : group. This regioselectivity must be due to sterical hinderance, because 2-norbornanone gives the normal Baeyer-Villiger product with oxygen inser tion between carbonyl and bridgehead carbon [15.16] .
The Baeyer-Villiger oxidation has been dem on strated by kinetic m easurem ents and careful product analysis [17] to proceed via the so-called Criegeeinterm ediates [18] , like 4, and, by oxygen migration to the nitrogen, oxaziridines are formed from analo gous interm ediates like 2 [19, 20] , The greater migra tion tendency of secondary alkyls, as compared with primary alkyl groups [13, 17] , explains the regio selectivity in the case of sterically less problematic compounds like 2-norbornanone.
Although a comparatively new compound with more technical than chemical applications, MPPA has been studied by X-ray crystallography [21] ment of this sandwich is maintained in solution, and thus the oxidizing agent is much bulkier than MCPA or its (monomeric) anion. Therefore, M CPA follows the general tendency of peracids and attacks the imine double bond of 1, leading to 2 which then may re arrange with loss of the benzoate to give the ox aziridine 3, or undergo a migration of the carbonyl group to form the normal Baeyer-Villiger product 6. This is completely analogous to the formation of anhydrides from 1,2-dicarbonyl com pounds with peracids [22] , On the other hand, M PPA , as a much more voluminous reagent, reacts more rapidly with the sterically less hindered carbonyl group of 1 to give the Criegee-intermediate 4, which then re arranges with alkyl migration to the lactone-imine 5 but not with migration of the imine group to 6, as this compound could never been detected in oxidations with MPPA. A final, slower oxidation at the imine leads to the oxaziridine 7. W hat remains to be explained, is the slow conver sion of the Baeyer-Villiger product 6 to the ox aziridine 3 which takes place in dimethyl sulfoxide solution [5] , A mechanism can be conceived starting with addition of an anion to the imine function and continuing with a rearrangem ent to form the new C -C-bond and the oxaziridine ring. However, this has to be inspected more closely by detailed kinetic measurements.
Conclusion
Camphorlactone-sulfonyloxaziridine 7 was p re pared by the oxidation of (camphorsulfonyl)imine 1 with MPPA. That 7 is obtained, and not 3, can be understood in terms of sterical effects in the form a tion of the Criegee-interm ediates in the Baeyer-Villiger oxidation process. This result clearly dem on strates that MPPA cannot simply be considered as a convenient substitute for MCPA. Deviations in the reactivity pattern should always be expected when a different sterical environm ent of the oxidant may lead to different approaches to the substrate. The characteristic structure of the oxaziridine 7, as eluci dated by X-ray crystallography and N O E m easure ments, suggests im portant applications in enantioselective oxidations of various functional groups. Preliminary experim ents show that 7 is a far stronger oxidizing agent than (3-oxo-camphorsulfonyl)oxazindine 3, as it oxidizes dimethyl sulfoxide rapidly to dimethyl sulfone, while 3 leaves it unchanged, at least at room tem perature. We will report on the enantioselectivities obtained in the oxidations with 7 in due course. 24 hydrogen atoms were located in difference maps, 2 were calculated at idealized geometrical positions. They were included at constant positions into structure factor calcula tions, while all other atoms were refined with aniso tropic displacement param eters. Refinem ent con verged at R (w R ) = 0.033(0.038), w = l/cr(F 0) for 308 refined param eters. 8 structure factors were suppress ed in the final refinement cycles, because they were found to result from faulty intensity measurements. The absolute configuration of 7 was independently checked by refinement of the inverse coordinate set which resulted in slightly larger R values (0.034/ 0.039). The residual electron density was featureless (Zl£>fin(max/min) = 0.35/-0.46 e/Ä 3). Table I contains the atomic coordinates, Table II distances and angles for both independent molecules. Further crystal structure data have been deposited*. A solution of 22.7 g (100 mmol) (3-oxo-camphorsulfonyl)imine (1) [5] in 200 ml of dichlorom ethane and a solution of 18.6 g (200 mmol) N a H C 0 3 in 100 ml of w ater are cooled to 0 °C. A saturated solu tion of 124 g (200 mmol) 80% commercial mag nesium peroxyphthalate in 200 ml of water is added slowly with vigorous stirring. Stirring is continued for 24 h at room tem perature. The phases are separated, and the aqueous phase is extracted with 100 ml of dichlorom ethane. The organic phases are dried with sodium sulfate, and the solvent is evaporated. The residue is recrystallized from acetone. The yield of 7 is 15.5 g (60%).
The m other liquor of the recrystallization often contains the lactone-imine (5). It may be isolated by evaporation of the solvent and recrystallization from ethanol, where 7 is only sparingly soluble. However, the following procedure is more convenient:
To a solution of 2.59 g (10 mmol) oxaziridine 7 in 50 ml of dichlorom ethane, a solution of 0.78 g (10 mmol) of dimethyl sulfoxide in 10 ml of di chlorom ethane is added dropwise. A fter stirring for one hour at room tem perature, the volatile compo nents are evaporated and the residue is washed with w ater and recrystallized from acetone. The yield of 5 is 2.19 g (90%). 
